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Abstract. The traditional variant of producing cast produotsvarious purposes is accompanied by
the presence of defects in castings, such as: ksigén porosity, gas saturation, discontinuity
(dislocations), and others. In this regard, a defrfzas arisen for the use of additive technologges a
an alternative to traditional technological methdds the production of products. The main
advantage, which is not only the way to obtain adpct with improved properties, but also
economic feasibility. A known method for improvitige quality of the finished product structure is
hot isostatic pressing (HIP). The use of isostptiessing is used to produce complex workpieces
with a denser and more uniform structure than catnpin any other way. The complexity of the
HIP process lies in the many thermal, physical ar&thanical interactions and the influence of a
large number of parameters on them. Through theecbunderstanding and management of these
factors, as well as the use of additive technokgieis possible to obtain materials in qualitatth
are not inferior to materials obtained by tradiibproduction methods.
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AHHOTauuA. TpaguIMOHHBIA BapHAHT TOJYYEHHUS JIUTBIX M3JEIUN Pa3IUYHOTO Ha3HAYCHUS
COTIPOBOXKIAETCS HAIMYMEM B OTJIMBKaX JOe(eKTOB, TaKWX Kak. ycaJo4Has IOPUCTOCTH,
ra30HACKIIICHHOCTD, HECIUIOMIHOCTE (IMUCIOKANNK) W APYrHe. B CB3WM ¢ 3THM, BO3HHK CIIPOC Ha
WCTIONB30BaHUE  AIAWTHUBHBIX TEXHOJOTHH B  KadecTBE  ANBTEPHATHBBl  TPAIHIIMOHHBIM
TEXHOJIOTHUYECKMM METOJaM Ui NPOM3BOJCTBA M3Aenuil. [TTaBHBIM NPEUMYIIECTBOM, KOTOPOTO,
SIBIIICTCS HE TOJBKO CHOCOO TIONYYCHHUS W3JCIUs C yIyYIICHHBIMH CBOWCTBAMH, HO U
9KOHOMHUYECKAs IEeJIecO00pa3HOCTh. M3BECTHBIM CHOCOOOM MOBBIIMICHHEM KayeCTBAa CTPYKTYPHI
FOTOBOTO HM3JICNHsI SIBJIETCS Tropsiuee u3ocTatuueckoe mpeccoBanue (IUIT). TIpumenenue
M30CTaTUYCCKOTO MPECCOBAHUE UCIONB3YETCS ISl MPOU3BOACTBA KOMIUIEKCHBIX 3arOTOBOK C OoJjee
IUIOTHOM ¥ PAaBHOMEPHOW CTPYKTYPOM, YeM MPH KOMIIAKTUPOBAHUU IPYTUM criocoboM. Cl0KHOCTh
mporecca T'UIT  3akirodaercs BO MHOTHMX — TEIUIOBBIX, (U3MYECKUX W MEXaHWMYECKHX
B3aMMOJICHCTBHUAX M BIMSAHMU Ha HHUX OOJBIIOrO KOJHYECTBa MmapaMeTpoB. IlyTem mpaBHIBHOTO
MMOHUMAHHS W YTPABICHUS 3TUMH (PaKTOpaMH, a TakXKe NMPUMEHEHHEM aIUTHBHBIX TEXHOJOTHH
MOXXHO TIONy4aTh MaTepuanbl II0 KadecTBy, HE YCTYMAoNINe MaTephanaM MOJYyICHHBIM
TPaIUIIMOHHBIMH CIIOCO0AMH ITPOU3BOJICTBA.

Abroad, the GIP technology is widely used in vasitwianches of technology.
In the 60s of the XX century, with the use of HtRe production of synthetic
diamonds, elements of nuclear fuel, products frarylbum powders and sintered
carbides was created. Then HIP began to be ustbe jproduction of powder high-
speed and die steels, in the form of blanks forsegbent forging and rolling, as
well as in the production of shaped products fragathresistant nickel and cobalt
alloys. In the 1980s, work began on the manufactirevorkpieces by the HIP
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method, similar in shape to finished products, fretainless steel and titanium
powders [1].

Processing technology is one of the most advanoceddemanded on the
modern market. This is easily explained by the faet the pressing method has
undeniable advantages in comparison with the metbbgrocessing products with
the help of pressure and temperature that havadylrieeen used for a long time. In
addition, the accelerated pace of developmenteggure equipment is also driving
the active adoption of the technology.

The workpiece is placed in a shell that takes enréguired elasticity when
exposed to high temperatures, such as glass or.nTdéta workpiece is under
operating pressure through an intermediate medmos{ often gas). The furnace is
placed in a so-called gas-stat, which is a higbrgfth shell that withstands a gas
pressure of up to 200 MPa during sintering. Thishis technical problem. In the
process of increasing temperatures, the degrebeofmtal conductivity of the gas
medium also increases. In this case, the degrestrefigth of the material from
which the body is made decreases.

The HIP method is one of the methods of compactiregal powders by
applying high isotropic pressure at high tempeestioelow the melting point of the
material.

The main issues when considering the method ofidasttatic pressing in
production include:

- economic benefits when using powder metallurgy laot isostatic pressing
(HIP) method instead of traditional methods;

- will there be an improvement in product qualitifea applying the hot
isostatic pressing method;

- are there new opportunities for the developmehthigh-temperature
components using the HIP method;

- whether the use of the GUI method will reducedbst of processing parts;

- whether costs will be reduced as a result of matl®ss during processing.

Spherical powders made of various metal alloysnawst often used for HIP.
Capsules are thin-walled shells similar in shappréssed products. Such products
can have both simple shapes of a cylindrical drifigot for subsequent forging and
rolling, and complex shapes of shaped parts thatndb require additional
deformation. Typically, capsules are made from wetldable low carbon steel
sheet [2].

When studying the characteristics before and afarg the HIP, it was found
that in the coating layer in the initial state, g®mwith a size of up to fm are
observed. The use of HIP reduces the maximum ppeets — 1.5 pum, while fine
porosity of <0.5 um is completely healed. The absesf pores and microcracks in
the area of the protective coating with the helpid®, an increase in the adhesion
of the coating to the workpiece is accompanied mynaprovement in the fatigue
strength of the finished product.

In this regard, the advantages of hot isostatisging include:

1) The finished product retains a fine-grained t&lystructure.
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2) An increased rate of cooling of the processed aachieved, which
allows quenching, achieved by a high thermal cotidty of the gas.

3) Eliminates the occurrence of inhomogeneity, Whis characteristic of
castings in ordinary casting due to the long captime of the layers.

4) Shrinkage and the development of cracks inrternal structure that arise
during cooling of metals are excluded.

5) There is no porosity, which significantly worsehe quality of machining,
the wear resistance increases, the degree ofofricturing the operation of the
elements decreases.

6) The metal can acquire properties that previoaslyld be transferred only
under deformation effects.

7) Improves resistance to gas pressure at thespofnivelded joints and the
elimination of areas prone to corrosion

8) Microcracks typical for restoration operatiome eemoved.

Thanks to hot isostatic pressing, various custonteekinological procedures
are optimized, products can be produced that cabaomanufactured by other
methods. Therefore, hot isostatic pressing is drileeomost promising directions in
the processing of metals, powders and ceramics [3].

Traditional technologies for producing product$aondry have a rather long
duration and laboriousness of the process, butthéhuse of HIP technology, high-
quality products with a mass with improved propgertcan be obtained. In this
regard, on the basis of PJSC Ruspolymet, a prbjastbeen developed for the
creation of an import-substituting production oatks from metal powders based
on industrial technology of hot isostatic presaisghg additive technologies.

The work was carried out with the financial suppoftthe Ministry of
Education and Science of the Russian Federatiohirwihe framework of the
project “Creation of high-tech production of ma#si products and equipment
using additive technologies and gas-conditioniraptelogies on the basis of PJSC
RUSPOLIMET under Agreement No. 075-11-2019-084 &fL.2.2019 (Resolution
of the Government of the Russian Federation of |A}®j 2010, No. 218).
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